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1.1. A yoctoliter-scale DNA reactor for library creation
Several methods have been described in recent years by which
libraries of compounds can be assembled using DNA strands to en-
code for the individual components within the library. In some ex-
amples, the DNA plays a key role in driving the speciﬁcity of the
chemistry, whereas in other approaches it is added as an encoding
tag secondary to the library chemistry. In either method, the DNA
is used to deconvolute the library after biochemical screening.
Compounds that have high afﬁnity for a target of choice are iden-
tiﬁed by PCR ampliﬁcation and sequencing of the attached DNA
strand. A recent publication describes a self-assembling double
stranded DNA structure that permits the templated synthesis of
small molecules.1
At the heart of each self-assembled template is a space with vo-
lume in the yoctoliter (10-24 L) range within which the building
blocks are assembled for product synthesis. The components of
the chemistry are three individual single strands of DNA that have
a covalently attached building block. Within the DNA is a six nu-
cleotide codon region where the base sequence is speciﬁc for the
building block being employed. Stepwise annealing, chemical reac-
tion and ligation of the DNA-building block conjugates forms the
yoctoliter reaction cavity within which is prepared the library pro-
duct attached to a ﬁnal single strand of DNA. Primer extension gen-
erates double stranded DNA, and in doing so eliminates the reactor
structure and reveals the library product for screening purposes.
When active compounds are found, their identity can be revealed
by PCR ampliﬁcation and DNA sequencing, as the variable codon
regions in the DNA are directly related to the structure of the li-
brary component.
This approach has been used to ﬁnd the Leu-enkephalin peptide
sequence when spiked into a large order mixture of peptides. The
ﬁrst library synthesis step was the conjugation of building blocks
to DNA sequences. Speciﬁcally, four different tripeptides were
coupled to the ﬁrst DNA component via a non cleavable PEG linker.
Five amino acids were coupled to each of the second and third DNA
components, attached through a pH sensitive, cleavable linker. The
combinatorial synthesis of peptides in the yoctoreactor resulted in
the 100 component peptide library with each component present
in a proportion between 0.4% and 2.4%.doi:10.1016/j.comche.2009.03.001
E-mail: nterrett@ensemblediscovery.comThe library was spiked at a ratio of 1:100,000 into a scrambled
nonbinding peptide library, and this mixture was subjected to re-
peated rounds of afﬁnity selection against the immobilised anti-
Leu enkephalin monoclonal antibody, 3-E7. The correct Leu-enke-
pahlin sequence recognised by the antibody had been diluted to
approximately 1:10 million. After the incubation, active sequences
were eluted from the immobilised protein by adding free Leu-en-
kephalin peptide. The DNA of eluted material was ampliﬁed by
PCR and translated into encoded yoctoreactor display products
allowing subsequent rounds of afﬁnity selection.
After two rounds of selection, the correct Leu-enkephalin
sequence was found at a frequency of 1.7%, representing an enrich-
ment factor of more than 150,000. A control experiment incubating
the library against a control antibody saw no evidence for the Leu-
enkephalin sequence. Overall, this study demonstrates the poten-
tial for generating and screening libraries consisting of up to 1012
components generated by DNA driven synthesis in yoctoreactors.1.2. Positional scanning library of N-alkyglycines as trypsin inhibitors
As an alternative to peptides, the N-substituted glycine oligo-
mers (peptoids) offer similar functionality in structures that are
potentially more hydrolytically stable and with higher bioavail-
ability. Peptoids have been investigated for many years through
combinatorial chemistry, and their preparation on solid support
can be automated leading to libraries generated by mix and split
paradigms. However, solid-phase chemistry can often proceed
more slowly than solution phase chemistry, and thus an advantage
has been gained by accelerating chemistry by microwave-assisted
organic synthesis (MAOS). A recent paper describes the use of
MAOS in making a positional scanning library of peptoids in the
identiﬁcation of novel trypsin inhibitors.2
The positional scanning format requires the preparation of a li-
brary in a number of pools. Each set of pools has all positions ran-
domised, except for one position that is held constant for each
member in the pool. By making and screening each pool, it is pos-
sible to deﬁne the preferred residue in each position of the library
compound. However, the synthesis of the library requires that each
mixture of building blocks is added in proportions dictated by their
relative reactivity to ensure similar chemical success in each cou-
pling step.
This library of 625 pentapeptides was prepared as 4 sub-li-
braries each investigating a different amino acid position through
the generation of 20 pools. The Rink amide resin used for synthesis
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thetic approach of acylation with bromoacetic acid, followed by
amination of the bromo intermediate with a speciﬁc primary
amine. All reactions were carried out with the assistance of MAOS.After synthesis, the library was validated by screening, deconvolu-
tion and then identiﬁcation of the compounds active as trypsin in-
hibitors. For each of the amino acid positions, there were a small
number of variants that gave rise to the most active mixtures,
and these results were used to generate a list of 24 compounds
for resynthesis and screening at 0.1 mg/mL. Compounds such as
1 showed the highest levels of trypsin inhibition, as well as selec-
tivity over the endopeptidase elastase.
2: A summary of the papers in this month0s issue
2.1. Solid-phase synthesis.
Synthetic C-terminal amidated cationic ferrocenoyl peptide bio-
conjugates Fc-Orn-Orn-Orn and Fc-Tyr-Orn-Orn-Orn were ration-
ally designed as superoxide dismutase (SOD) mimics based on
the structure of iron SOD from Escherichia coli. These bioconju-
gates made on solid support were subsequently evaluated as SOD
mimics and as inhibitors of peroxynitrite-mediated tyrosine
nitration.3
2.2. Solution-phase synthesis
A novel one-pot, two-step procedure has been developed to
synthesise highly substituted 2-arylpropionic and arylacetic acids
from cyanohydrins, by treatment with aqueous HI. The hydroge-
nolytic reduction of a-hydroxy-2-arylpropionic acids was the key
step in the process, and optimisation of the reaction conditions led
to aqueous HI as an appropriate and selective reagent for the re-
ductive deoxygenation of cyanohydrins. The synthetic route de-
scribed offers a general and efﬁcient strategy for the preparation
of large libraries of phenylacetic and phenylpropionic acids deri-
vatives.4
2.3. Scaffolds and synthons for combinatorial libraries
Analogues of 4-amino-1,2,4,5-tetrahydro-2-benzazepin-3-ones,
containing a methyl substituent at the 4- or 5-position, or a phenyl
substituent at C-1, have been prepared. Conformational analysis of
tetrapeptide models containing these analogues indicated different
conformations of the benzazepinone ring, and extended backbone
conformations, except for the 4-methyl-substituted analogue
which was shown to have a strong preference for a turn conforma-
tion. An asymmetric synthesis of this scaffold and its use in peptide
mimetic design are currently in progress.5
The asymmetric hydrogenation of a-amino-b-keto esters using
ruthenium (Ru) anti-selectively proceeds via a dynamic kineticresolution to afford anti-b-hydroxy-a-amino acids with high enan-
tiomeric purities. These amino acids are important chiral building
blocks for the synthesis of various pharmaceutical and natural
products.6
The synthesis of the ﬁrst branched sugar amino acid scaffolds
(methyl (3R,4R,5R)-5-azidomethyl-3,4-dihydroxy-tetrahydrofur-
an-3-carboxylate and methyl (3R,4R,5S)-5-azidomethyl-3,4-
dihydroxy-tetrahydrofuran-3-carboxylate) by an efﬁcient
intramolecular displacement of a highly hindered neopentyl
triﬂate allows access to enantiopure THF derivatives with carbon
substituents. These carbon-branched d-tetrahydrofuran sugar ami-
no acids provide scaffolds that can act as dipeptide isosteres.7
A library of isomeric glutamic acid analogues based on the spir-
o[3.3]heptane skeleton has been designed. Two members of the li-
brary, (R)- and (S)-2-amino-spiro[3.3]heptane-2,6-dicarboxylic
acid hydrochlorides, were synthesised, and their stereochemistry
determined using 1H–1H-NOESY of their diastereomeric
derivatives.8
2.4. Solid-phase supported reagents
A useful and novel application of polymer-supported 2-iodoxy-
benzoic acid for the chemoselective and regioselective oxidation of
phenolic compounds has been described. Hydroxytyrosol and car-
boxymethylated hydroxytyrosol have been prepared in good con-
versions and yields under green chemistry conditions in the
presence of dimethyl carbonate as the solvent. The polymer-sup-
ported reagent has been recovered by simple ﬁltration, regener-
ated and reused for more cycles of oxidation reactions without
loss of efﬁciency.9
2.5. Novel resins, linkers and techniques
No papers this month.
2.6. Library applications
A simple method for synthesising a small library of 5-isoxazol-
5-yl-20-deoxyuridines from 5-iodo-20-deoxyuridine has been de-
scribed. Nitrile oxides were generated in situ from oximes using
a commercial bleaching agent; their cycloaddition with 5-ethy-
nyl-20-deoxyuridine yielded isoxazoles possessing activity against
herpes simplex viruses 1 and 2, Encephalomyocarditis virus,
Coxsackie B3, and vesicular stomatitis virus.10
A novel series of small molecule C5a antagonists has been
reported. In particular, in vitro metabolic studies and solution-
based combinatorial synthesis are demonstrated as useful tools
for the rapid identiﬁcation of antagonists with low in vitro clear-
ance. Members of this series speciﬁcally inhibited the binding of
125I-labelled C5a to human recombinant C5a receptor.11
The successful application of both solid and solution phase
library synthesis, combined with tight integration into the medic-
inal chemistry process, resulted in the efﬁcient optimisation of a
novel structural series of selective HDAC1/HDAC2 inhibitors. An
initial lead from a small parallel library was found to be potent
and selective in biochemical assays. Advanced compounds were
the culmination of iterative library design and possess excellent
biochemical and cellular potency, as well as acceptable pharmaco-
kinetics and efﬁcacy in animal models.12
A series of 1-aminotetralin scaffolds was synthesised via metal-
catalysed ring-opening reactions of heterobicyclic alkenes. Small
libraries of amides and amines were made using the amino group
of each scaffold as a handle, and screening of these libraries against
human opioid receptors led to the identiﬁcation of a high-afﬁnity
selective l ligand displaying l-agonist/antagonist properties due
to partial agonism.13
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ﬂuorescent probes for Ser/Thr kinases has been developed. Pep-
tide libraries were exposed to a kinase of interest and the pro-
ducts of the timed reaction were analysed by MALDI-TOF mass
spectrometry. Using this methodology, a selective substrate for
Aurora A kinase was identiﬁed that showed a 7-fold improve-
ment in catalytic efﬁciency over the best substrate described to
date.14
The synthesis and the pharmacological evaluation of a new
class of human carbonic anhydrase (hCA) inhibitor, prepared regio-
and stereoselectively, has been reported. Various derivatives of the
ester moiety in the parent compound led to a small library of deri-
vatives (2R,3R and 2S,3S) which displayed interesting inhibitory
activities towards the human tumour-associated isoform CA IX.
One of the new compounds shows high selectivity in inhibiting
hCA IX compared to the two physiologically relevant, cytosolic iso-
zymes hCA I and hCA II.15
There is an urgent need to coat the surfaces of medical de-
vices, including implants, with antimicrobial agents to reduce
the risk of infection. A peptide array technology was modiﬁed
to permit the screening of short peptides for antimicrobial ac-
tivity while tethered to a surface. Among 122 tested sequences,
the best surface-tethered 9-, 12-, and 13-mer peptides were
found to be highly antimicrobial against bacteria and fungi, as
conﬁrmed using alternative surface materials and coupling stra-
tegies as well as coupling through the C and N termini of the
peptides.16
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